Lack of knowledge regarding brucellosis may lead to highly risky practices. Among herders in Mongolia, little research was conducted assessing the extent of knowledge related to brucellosis, the type of preventive behaviours that were practiced, and the relationship between knowledge and behaviour regarding brucellosis. A cross-sectional study was conducted in two provinces of Mongolia where herders were randomly selected to participate in the study. Face-to-face interviews were conducted using a structured questionnaire. In total, 485 herders participated in the study. The results indicated that brucellosis preventive practices were significantly associated with sex, location, use of veterinary services, exposure to TV programs and knowledge of brucellosis. Regional disparities in knowledge and behaviour were observed in this research. Herders were more likely to engage in preventive practices if they had a higher level of knowledge of brucellosis. Findings from this research indicated that the effectiveness of incorporating health education through TV programs, as well as the importance of ensuring access to veterinary services in brucellosis prevention.
| INTRODUC TI ON
Brucellosis is endemic in Mongolia, a landlocked country with sixty million head of livestock, and where more than 15% of the country's gross domestic product depends on livestock production (Tserendejid Ya, 2015) . The first national brucellosis survey in Mongolia, conducted in 1960, showed that 1.7% of urban and 4.4% of rural populations were seropositive. Research indicated that Mongolia had a high incidence of human brucellosis, with 605.9 cases per million persons per year (Pappas, Papadimitriou, Akritidis, Christou, & Tsianos, 2006) . Recently, a study has estimated that in some provinces about 27.3% of the population, 6.2% of goats, 16.0% of cattle, 8.3% of horses and 36.4% of dogs were seropositive (Zolzaya et al., 2014) . Without proper treatment, brucellosis can lead to permanent and disabling consequences with considerable financial and economic consequences (McDermott, Grace, & Zinsstag, 2013; Osoro et al., 2015) . The disease is usually transmitted to humans by consumption of raw meat, unpasteurized dairy products and raw milk from infected animals, as well as through direct contact with animals, animal tissues and abortion fluids (Olsen & Palmer, 2014) . Preventive measures mainly focus on minimizing such contact through behavioural changes, such as livestock vaccination, pasteurization of milk and elimination of infected animals (Roth et al., 2003) . Only a handful of studies, conducted in Pakistan, Jordan and Egypt, showed that knowledge of brucellosis was related to preventive behaviours (Arif et al., 2017; Hegazy, Elmonir, Abdel-Hamid, & Elbauomy, 2016; Musallam, Abo-Shehada, & Guitian, 2015) . The objective of this study was to assess the level of knowledge and practices related to brucellosis prevention among herders in Western Mongolia, and to assess associations between knowledge and preventive behaviours. This research can also provide policy directions for brucellosis prevention in Western Mongolia.
| Measurements
A structured questionnaire was used to collect information on demographic profiles of respondents, knowledge about transmission and symptom of brucellosis, and preventive practices associated with brucellosis. In this research, whether a respondent disposed of animal birth materials correctly, and the use of protective clothing including masks, gloves and aprons were used as behavioural variables. Respondents were asked "What do you do with birth material during the delivery season?" The possible answers were "bury it in a hole," "throw it away as garbage" and "feed it to the dog". Those who responded "bury it in the hole" were coded as having answered correctly. Regarding the use of protective clothing, respondents were asked whether they wear masks, gloves, or aprons during any of the following contexts: handling aborted fetuses, handling placenta and birth products, delivering a complicated newborn and preparing raw livestock products. For each type of protective clothing, if a respondent had used it during any of those aforementioned activities, the respondent was coded as having used the particular type of protective clothing. Regarding knowledge of brucellosis, respondents were asked whether they know about brucellosis symptoms and pathways of transmission. In total, 12 symptoms and 10 pathways of transmission were probed. Then, the number of questions answered correctly was tabulated to create a knowledge score. Based on the score, respondents were divided about evenly into "low," "medium"
and "high" levels of knowledge. In this research, demographic variables such as age, sex, area (by province), years of herding experience, whether they watched brucellosis prevention programs on TV, and whether the herders used veterinary services for screening and testing were also included in the analysis to assess their relationship with behavioural variables.
| Data analysis
Characteristics of the herders are presented as numbers and percentages. To assess bivariate associations between explanatory variables and herders' preventive practices, a chi-square test was used for comparisons between those who had engaged in preventive practices and those who had not. Multivariate logistic regression models were applied to assess which of these groups of factors were independently associated with preventive practices. Statistical calculations were carried out using SPSS 24.0 software. The level of significance for tests was set at 0.05.
| RE SULTS
In total, 485 herders from Bayankongor and Bayan-Ulgiiaimagsin, Western Mongolia participated in this research. Table 1 shows basic characteristics of the study sample. Of the 485 herders, 50.3% were male. The average age was 39.8 years, with 20.2%
Impacts
• Level of knowledge was associated with preventive behaviour regarding brucellosis.
• The use of TV programs and veterinary services were effective in encouraging preventive behaviours.
• More effort is needed to ameliorate differences in knowledge and behaviours regarding brucellosis prevention among herders from different provinces.
younger than 30 years, and about 32.8% between the ages of 30 and 39 years. Most of the respondents (81.2%) had over 10 years of herding experience, 10.3% had 6-10 years, and 8.5% had 1-5 years of herding experience. Almost 60% of respondents had not watched brucellosis prevention programs on TV, and about 51.1% of herders reported using veterinary services for screening and testing. For preventive practices, 52% disposed of animal birth material incorrectly, and almost 60%, 65.6% and 84.7% of herders had not used gloves, masks or aprons, respectively. Table 2 
| D ISCUSS I ON
The current study assessed the prevalence of protective practices related to brucellosis among herders in Western Mongolia. After controlling for age, sex, and years of herding experience, the results showed that exposure to TV programs, use of veterinary services, and the level of brucellosis knowledge were related to the practice of protective behaviours against brucellosis.
The most important protective measure of brucellosis infection is the use of protective clothing such as aprons, gloves and masks.
When asked about the use of protective clothing, about 30% of herders reported using masks and gloves when handling livestock, much higher than previously found in other countries. Previous findings showed that only 6% of livestock owners used protective clothing when handling placentas and aborted fetuses in Jordan (Musallam et al., 2015) . A similar study conducted in Tajikistan revealed that about one-fifth of dairy farmers used gloves when dealing with animal abortion or with aborted materials (Lindahl, Sattorov, Boqvist, & Magnusson, 2015) . Moreover, it was speculated that herders never wear protective clothing or masks in Egypt when assisting with parturition or while handling placentas and aborted fetuses (Hegazy et al., 2016) . Consistent with previous research (Musallam et al., 2015) , herders with a lower level of knowledge of disease transmission and symptoms had a lower tendency to use protective clothing compared to those who had a higher level of knowledge. With a higher level of knowledge of brucellosis, herders may be more aware of the risk of infection, and the severity of illness, and thus may be more willing to use protective clothing.
TA B L E 1 Characteristics of the study population (N = 485)
Herders who had watched brucellosis prevention programs on TV were more likely to wear protective clothing. Brucellosis prevention TV programs began airing nationwide in Mongolia in 2014. The contents of the programs include information such as how the disease is transmitted, disease symptoms in animals and humans, disease diagnosis and control, and how to prevent it. Although herders live a nomadic lifestyle, never settling in one place, they have access to electricity using solar panels without being confined to one place and are able to receive TV broadcasts. Exposure to the TV programs might change their perceptions of the disease, increase their knowledge, and hence might lead to higher use of protective clothing.
Herders who had used veterinary services were also more likely to wear protective clothing. half of the respondents had received information about zoonotic diseases from agricultural extension workers in northern Malawi (Tebug, 2013) . In this study, only about half of the herders used veterinary services for screening and testing. Even though it was compulsory to vaccinate livestock, screening and testing were optional. Moreover, there was no routine compulsory sero-surveillance for disease prevalence. Although there has not been a formal study assessing why herders did not actively covering livestock with screening and testing services, some possible reasons could be the shortage of veterinary manpower, wide geographical landscape, long travelling time, cost, or the lack of awareness. All these factors could make it difficult for herders to obtain services.
Efforts to increase veterinary manpower and to reduce travelling time for veterinarians may improve access to services, and contribute significantly in brucellosis prevention.
To sum up, the use of veterinary services provides herders with additional information on brucellosis from authoritative sources and would probably lead to higher use of protective clothing among herders. The strategy of using veterinary personnel in disseminating information related to brucellosis seemed effective in Mongolia.
Other countries could also consider the approach of incorporating health education into veterinary services in brucellosis prevention.
Regional variations were also observed in the use of protective clothes. Respondents from Bayan-Ulgii were less likely to use protective clothing. The reason might be cultural and geographical. BayanUlgii is the most remote province in the country, and the dominant and 45%, respectively, compared to 56% and 57% in Bayankongor.
These cultural and geographical factors may hinder communication and limit access to necessary clothing and information. Our findings also showed that females were more likely to use masks than men.
In Mongolia, women play important roles in taking care of newborn animals, milking, disposing of the birth materials and cleaning shelters. Therefore, brucellosis infection was higher among women than men (Tsend et al., 2014) . It is possible that females may have different attitudes towards the use of masks. However, it is not clear why a gender difference was only observed in the use of masks but not in the use of other protective clothing. Possible speculations are that masks are easily available and relatively inexpensive. Moreover, wearing gloves or aprons may interfere with the daily routine of work of women. Further data collection and analysis are needed to confirm these speculations.
In our results, around half of herders reported that they bury aborted fetuses and birth materials. This practice was highly prevalent (94%) among Tajikistan's dairy farmers (Lindahl et al., 2015) , but not in Pakistan (Arif et al., 2017) , Egypt (Hegazy et al., 2016) or Jordan (Musallam et al., 2015) . In our study, herders with a higher level of knowledge were more likely to correctly dispose of aborted fetuses and birth materials compared to those with a lower level of knowledge. In Egypt, lack of knowledge regarding disease transmission was associated with throwing aborted materials into water canals (Hegazy et al., 2016) , consistent with findings from this research. Also, there was a difference between the two provinces. In
Bayan-Ulgii, probably due to the cold climate during the delivery season when the ground remains solidly frozen, the correct disposal of birth materials by digging a hole is more difficult and hence less likely to occur.
This study had several limitations. First, data were collected through herder's self-reports, which may have resulted in some bias, such as under-reporting of risky behaviours. Second, as it is representative of only two provinces in Mongolia, the study findings cannot be generalized to other areas of the country. Lastly, the current study did not measure attitudes related to brucellosis, and we were unable to clearly specify the linkage between knowledge and behaviours.
In conclusion, the present study findings indicate that sex, area, whether they watched brucellosis prevention programs on TV, whether the livestock was covered by veterinary services, and the level of brucellosis knowledge were the most important predictors of herders' preventive practices. We concluded that preventive practices against brucellosis were moderate among herders who herded their livestock in the two provinces under study. There appeared to be a strong association between knowledge and preventive behaviours. The Mongolian government should continue its TV public campaign to disseminate information regarding brucellosis. Incorporating brucellosis education into veterinary services seemed to be effective in promoting preventive behaviours against brucellosis. Hence, more resources ought to be allocated to TV public campaign and to providing veterinary services for herders, since these two programs appeared to have made positive impacts in increasing preventive behaviours against brucellosis. However, regional disparities are a major concern, and more efforts should be placed in regions where herders still exhibit risky behaviours.
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